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Objective: To determine the cause and characteristics of illness of a Campylobacter jejuni outbreak in Denmark in 
1995-96. 
Methods: A retrospective follow-up study was designed for culture-confirmed cases and for residents without a 
bacteriologic diagnosis. Stored clinical and environmental isolates were analyzed by serotyping and genotyping with 
restriction endonuclease analysis (REA), pulsed-field gel electrophoresis (PFGE) and ribotyping. 
Results: Campylobacterjejuniwas isolated from 110 residents and visitors to the area. However, an estimate based on 
a telephone survey indicated that some 2400 people were affected by the outbreak. Water samples obtained from the 
community waterworks contained Campylobacterjejuniserotype 02, the same serotype as in all but one of the 30 stored 
isolatesfrom the outbreak. The water and clinical isolates also showed the same DNA profile, except for the single strain 
showing the distinct serotype. The contamination of the water supply was traced back to  contamination of ground water 
due to  a break in a sewage pipe. 
Conclusions: A retrospective and demographic epidemiologic investigation of both culture-confirmed and non- 
culture-confirmed cases in the town combined with typing of the isolates was crucial in defining the extent and cause 
of the outbreak. 
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INTRODUCTION 
Cutnpylo6ac~r  jejuni subsp. j e j i r r z i  (C. jejunt] is the most 
commonly reported bacterial cause of diarrhea in 
humans in many developed countries [1,2]. The in- 
cidence of this infection in Denmark has recently 
shown a marked increase [3]. 
The infection is a zoonosis believed to be prin- 
cipally transmitted by the fecal-oral route following 
ingestion of undercooked meats, especially from broiler 
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chickens, or due to ingestion of food items cross- 
contaminated in the kitchen by means of hands or 
utensils. Unpasteurized milk and water are also 
associated vehicles. Canipylobacters do not multiply in 
foods, and infections therefore tend to occur as sporadic 
cases or small family outbreaks [l]. 
A number of water-borne outbreaks of C. . jq jur i i  
associated with community or non-conmiunity public 
water systenis have been described, including several 
involving the other Scandinavian countries [4-121. 
However, the causative organism has rarely been 
isolated from drinking water during canipylobacter 
outbreaks [4]. 
Each drinking-water system associated with out- 
breaks can be classified as having one of the following 
deficiencies: untreated surface water 14-61; untreated 
ground water [7]: treatment deficiency [8,9]; distri- 
bution system deficiency (cross-connection [ 101; or 
contamination of storage facility [ 1 1 , I  21). 
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This report describes the first registered water- 
borne outbreak with C. jejuni in Denmark. It occurred 
as a result of direct access of sewage to the ground water 
reservoir. The cause was confirmed by the finding of 
indistinguishable C. jejuni isolates in the drinking water 
and clinical samples. 
M ETH 0 D S 
Epidemiologic methods and environmental investigation 
To examine the characteristics of illness caused by 
contamination of the waterworks, a retrospective 
follow-up study was designed. 
A case of campylobacteriosis was defined as a 
person who had an acute gastrointestinal illness 
associated with the isolation of Campylobacter in a 
resident or visitor of the town of Klarup in the period 
from 12 December 1995 to 3 March 1996. Cases were 
identified in the Department of Gastrointestinal 
Infections at Statens Serum Institut from fecal samples 
sent from the county for bacterial analysis. A possible 
connection to the outbreak area was checked by the 
patient completing a structured postal questionnaire 
concerning clinical features. Information on visitors 
who became infected in the outbreak area in the 
outbreak period was obtained from cases among 
residents. Discharge summaries were obtained for those 
admitted to hospital. 
In order to assess the importance and distribution 
of the outbreak in the community, we performed a 
community survey. Residents were selected at random 
from a telephone directory. The same questionnaire as 
used for laboratory-confirmed cases was used in the 
community survey. Sampling fractions in the northern 
and southern parts of the town were 7.4% and 2.8% 
respectively. 
Information on the linkage between sewage and 
ground water was obtained from the waterworks by the 
Public Health Office, North Jutland county. 
Data were analyzed by use ofEpi Info Version 6.02 
[13]. The burden of disease assessed by attack rates 
and ratio of period prevalences of clinical signs and 
symptoms, and its 95% confidence interval, were 
calculated. Major symptoms from culture-confirmed 
cases, ill persons from the northern area and ill persons 
from the southern area were analyzed by chi-square 
test. 
Microbiology 
Stool specimens were, throughout the outbreak, pro- 
cessed for C. jejuni/coli, Salmonella, Shigella, Ers in ia ,  
Vibrio, Aeromonas and Plesiomonas shigelloides. Testing for 
campylobacters was performed with Skirrow’s medium, 
and plates were incubated for at least 48 h at  37°C in 
a micro-aerophilic atmosphere containing 90% N2, 5% 
0 2  and 5% C02. 
In addition, 82 of the samples obtained during the 
outbreak were processed for diarrheagenic Escherickia 
coli, i.e. verotoxin-producing E. coli (VTEC), entero- 
toxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), 
enteropathogenic E. coli (EPEC) and enteroaggregative 
E. coli (EAggEC), with use of DNA probes for the 
virulence genes VT1, VT2, LT, STh, ipaH and eaeA ,  
and pCVD432. The probes were labeled with digoxy- 
genin-dUTP (Boehringer Mannheim, Horsholm, 
Denmark), and colony blots were hybridized under 
stringent conditions according to the manufacturer’s 
instructions. For EAggEC, O:H serotyping was done 
using the methods described by Brskov and Brskov 
Analyses for parasitic, viral or chemical agents were 
not performed. 
Samples of water of 5 L obtained from the hydro- 
phore (main water pipe from waterworks) were tested 
specifically for the presence of campylobacters using a 
0.45-pm membrane filter (Oxoid, Basingstoke, UK) 
and enrichment in Preston broth (Oxoid), by using 
accredited methods according to The Nordic Com- 
mittee on Food Analysis (NMKL) [15]. 
~ 4 1 .  
Typing methods 
Bacterial isolates 
Two isolates from water samples were sent to the 
Department of Gastrointestinal Infections, Statens 
Serum Institut for comparison with clinical samples. 
All stored Campylobacter isolates from the North 
Jutland county from the epidemic period were analyzed 
by serotyping and genotyping with restriction endo- 
nuclease analysis (REA) , pulsed-field gel electro- 
phoresis (PFGE) and ribotyping. Isolates from patients 
outside the outbreak area but from North Jutland 
county were used as controls for typing. Three 
additional isolates from outside the county were also 
included. The species identity was obtained by 
performing key phenotypic tests: cell morphology; 
production of oxidase, catalase, hippuricase, and indoxyl 
acetase, and resistance to nalidixic acid and cephalothin. 
Serotyping 
The 48 isolates included were serotyped for HS 
antigens [16]. Forty-seven different absorbed antisera 
were used. The production of antisera and procedures 
were as described previously [17]. 
Restriction endonoclease analysis and ribotyping 
These analyses were performed as described in detail 
elsewhere [18], with the following minor modi- 
fications: for isolation of chromosomal DNA, cells were 
650 C l i n i c a l  M i c r o b i o l o g y  a n d  I n f e c t i o n ,  V o l u m e  4 N u m b e r  11, N o v e m b e r  1998  
suspended directly in 500 pL of 50 mM Tris-50 mM 
EDTA (pH 8.0), and 99% ethanol was used in the 
DNA reprecipitation process. For restriction endo- 
nuclease digestion, Hue111 and HhaI were used. 
Pulsed- field gel electrophoresis 
PFGE typing (with restriction enzyme SmaI) of isolates 
was performed on formaldehyde-treated bacterial cells, 
as described previously 1191. DNA fragments were 
separated by use of pulse times ramped from 5 to 10 s 
(4 h), 10 to 40 s (14 h), and 50 to 60 s (4 h), con- 
secutively. 
RESULTS 
Laboratory-confirmed cases 
Figure 1 shows the number of registered episodes of 
C. jejcrni/coli infection in North Jutland county from 
November 1995 to March 1996. In the outbreak 
period, stool specimens from 110 cases (102 from the 
county plus eight visitors from other places in Denmark 
with a known visit to Klarup just before the onset of 
symptoms) were culture positive for C. jejuni after 
plating on a modified Skirrow’s medium. Dual in- 
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fection with C. Jejrrni was found in four of eight 
EAggEC-positive patients. All 1 10 specimens were 
negative for other bacterial pathogens. 
A total of 87 (79%) culture-confirmed cases 
completed the postal questionnaire. Of  these, 21 were 
excluded from the investigation: fifteen patients from 
North Jutland county had not been in Klarup during 
the outbreak period, four had been abroad less than 2 
weeks before the onset of symptoms, one had known 
gastrointestinal symptoms prior to the outbreak period, 
and finally one uncompleted questionnaire was returned 
by the general practitioner because the patient had 
meanwhile died from causes unrelated to his gastro- 
intestinal infection. The respondents in the C. j e j c r r l i  
culture-confirmed group had a median age of 24 years 
(interquartile range: 3-42 years), and a niale/female 
ratio of 1.2. Figure 2 shows the age distribution of 
bloody and non-bloody cases of diarrhea among 
culture-confirmed cases. Among patients below 20 
years of age, a high frequency of patients (55%)) had 
experienced a bloody type of diarrhea. 
Thirteen patients were admitted to hospital, mostly 
for rehydration therapy and observation; one was 
appendectoniized. 
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Figure 1 Epi curve. Catnpylohnctrr in northern Jutland, Denmark, November 199.5 to March 1996 
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Figure 2 Age distribution of bloody and non-bloody diarrhea among culture-confirmed cases. 
Table 1 Burden of disease in the northern and southern areas-data from telephone interviews in a population-based 
random sample, Klarup, Jutland, Denmark, 1996 
No. of events or period prevalence” in: 
Northern area Southern area Prevalence ratioh 
Any symptoms 112/128‘ (88%) 32/62 (52%) 1.70 (1.32-2.18) 
Diarrhea 104/127 (82%) 29/62 (47%) 1.75 (1.33-2.31) 
Abdominal pains 89/124 (72%) 19/61 (31%) 2.30 (1.56-3.40) 
Nausea 89/126 (71%) 24/59 (41%) 1.74 (1.26-2.41) 
Vomiting 82/127 (65%) 19/62 (31%) 2.10 (1.42-3.13) 
Headache 49/116 (42%) 11/59 (19%) 2.27 (1.28-4.02) 
Fever 56/118 (47%) 14/62 (23%) 2.10 (1.28-3.46) 
Malaise 103/128 (80%) 25/62 (40%) 2.00 (1.46-2.73) 
Weight loss 51/128 (40%) 12/62 (19%) 2.06 (1.19-3.57) 
‘Any of the mentioned signs and symptoms reported in the outbreak period. 
bRatio of prevalences and its 95% confidence interval. 
‘Number of persons with symptoms divided by number of persons with information. 
Community survey 
All 190 individuals who could be reached agreed to be 
interviewed. The individuals identified by telephone 
survey who experienced gastroenteritis were older than 
laboratory-confirmed cases, with median ages of 38 
years (interquartile range: 16-55 years) in the affected 
area and 43 years (interquartile range: 19-53 years) in 
the remaining area. The male/female ratios in these 
groups were 1 . 1  and 1 .O respectively. 
Table 1 compares signs and symptoms between 
individuals from the northern and southern areas. A 
total of 112 (87.5%, 80.2-92.5) of 128 persons inter- 
viewed in the northern area had experienced gastro- 
intestinal illness during the outbreak, compared with 
51.6% (38.7-64.3) in the southern part (x2= 29.32; 
P<O.OOOl) .  Table 2 shows major signs and symptoms 
of culture-confirmed cases, and of patients identified 
during the telephone survey in the northern and 
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Table 2 Major symptoms from culture-confirmed cases, 111 persons from the northern area, and 111 persons from the 
southern area-data from postal questionnaire and telephone interviews, Klarup, lutland, Ilcnniark, 1996 
No. of events o r  period prevalence' in patients who  were 
Identified in telephone survey: 
Culture 
confirmed 
n=h7 
Northern Southern 
area area 
w=112 t1=12 X' P-value 
Median age 24 years 37 years 42 years 
Diarrheah 66 (99%) 104 (93%)) 29 (91%) 3.45 0.178 
I3loody diarrhea 22 (331%) 3 (3%) 0 11.57 <0.001 
Abdominal pains 60 (90%) 89 (80%) 19 (59%) 12.16 0.002 
Fcver 52 (78%) 56 (50%) 14 (44%) 16.17 < 0.00 1 
Weight loss 61 (91%) 51 (46%) 12 (38%)) 12.87 <0.001 
Vomiting 52 (78%) 82 (73%1) 19 (59%) 3.67 0.159 
'Anv of the mentioncd signs and symptoms rrported in the outbreak prriod 
"Any type of diarrhea. 
-Ir 
R 0 M D R U P 5 
174 175 
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Figure 3 Town map. The black x c a  indicates the part of thr town supplied by the most contaminated ground water. 
Fouthern part$ of the town. Culture-confirmed patients 
were younger than survey patients, and there was a 
trend of  decreasing severity of disease when signs and 
symptoms of these three groups of patients were 
compared. This trend was highly significant for bloody 
diarrhea, abdominal pains. fever, and weight loss. O n e  
outbreak-related case developed Guillain-Uarri. syn- 
drome 13 days after onset of gastrointestinal symptoms. 
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This previously healthy 29-year-old man, identified by 
the telephone survey, was culture negative for C. jejuni, 
but serology testing late in the course (three tests, the 
first test 3 months from onset of neurologic symptoms) 
showed titers possibly compatible with a recent C. jejuni 
infection, though they were not significant. 
Environmental investigation 
The outbreak occurred in the town ofmarup in North 
Jutland county (3925 residents). A private waterworks 
supplied 1436 households in the town from two 
geographically separated locations. Ground water was 
distributed directly without filtration or chlorination. 
O n  12 December 1995, a control procedure was 
performed on the northern waterworks for investiga- 
tion of the ground water content of nitrate. For this 
operation, an auger was bored down to a total depth of 
80 m to the ground water reservoir, at a distance of 
approximately 25 m from the water pump. During this 
procedure, a sewage pipe at a depth of 3 m was 
accidently damaged, and sewage consequently leaked 
through the borehole to the ground water reservoir. 
A total of 1733 inhabitants (777 households) in the 
northern part of the town (Figure 3) received con- 
taminated drinking water. O n  27 January, the water 
pump in the northern part was stopped as a con- 
sequence of increased morbidity of gastroenteritis 
among residents. At this time, the sewage pipe was 
examined and repaired. 
Results of routine water samples from 25 January, 
obtained from mains in both the northern and southern 
parts of the town, showed on 27 January a very high 
fecal coliform count (>240/100 mL), as well as hetero- 
trophic bacteria (>2500/mL and > 2100/mL respec- 
tively, 21 "C). The municipal hygiene laboratory 
received 5 L of water obtained from the hydrophore 
in the northern part of the town, and on 9 February 
C. jejuni was isolated from this water. 
The southern, adjacent, part of the town was 
supplied from another plant. However, the epidemio- 
7144 
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7950 
0377 
9273 
73420 
73410 
73444 
M W  
Figure 4 Hue111 ribotypes of epidemic strains and controls of C. jejuni. The nine strains 7286 to 8233 and Water A and B 
are epidemic strains. The other strains represent controls. The molecular size marker (MW) is a mixture of phage A digested 
with EcoRI and HindIII. 
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logic investigation revealed that, prior to the discovery 
of the water contamination, a valve was opened 
between the two distribution systems, from 9 January 
to 10 January, as part of a routine check on the pressure 
conditions. For 24 h, contaminated drinking water was 
fed into the distribution system, including a storage 
facility, of this otherwise clean southern part of the 
town. and water hereafter left the mains Contaminated. 
Microbiology 
Two water samples obtained from the community 
waterworks contained C. je juni  serotype 0 2  (HS2), the 
same serotype as in all but one of 30 stored isolates from 
the outbreak. The one that differed had the serotype 
017,23. The water and clinical isolates also showed the 
same DNA profile by REA, ribotyping (Figure 4) and 
PFGE [20], a profile that was not seen in any of 13 
unrelated isolates from the county obtained during the 
outbreak period or in three additional controls, except 
for the single case with the different serotype. 
Serotypes 021:HlO and 0130:H27 of EAggEC 
were found in the water supply and in six of eight 
patients from whom EAggEC was isolated. In addition, 
serotype 0 1 5 : H l  was found in one case who resided 
outside Klarup but who did not complete the 
questionnaire. Whether he had visited Klarup during 
the outbreak period is not known. Finally, serotype 
0130:H18 was isolated from another Klarup resident. 
DISCUSSION 
The infective dose of Carnpylobacter in water is 
unknown. In milk it can be as few as 500 organisms 
[31]. Canipylobacters are relatively poorly adapted for 
survival outside their hosts and do not grow, i.e. 
increase in number, on contaminated foodstuffs or in 
water. C. .jejurii will only grow within a temperature 
range of 30-45"C, with an optimum of about 42"C, 
and appears to be particularly sensitive to environ- 
mental stresses such as atmospheric oxygen tensions, 
desiccation and extremes of pH and temperature [22]. 
However, C. jcjuni can survive in the environment, 
including water, for a longer period at lower ambient 
temperatures 1231. Moreover, another study found that 
persistence was increased two-fold in aquatic models 
which included biofilms and that Carnpylobactev strains 
loye their culturability at  different rates and show 
different capacities for survival [22]. The present 
outbreak was a result of contamination of the ground 
water reservoir at  a depth of more than 59 m. At this 
depth there is a constant year-round temperature of 
8-10°C. Moreover, the outbreak took place in winter, 
and with the mains located a t  a depth of approximately 
1.10 m throughout the town, there was a n  environ- 
mentally suitable temperature for the persistence of 
campylobacters. The outbreak shares the characteristics 
of a continuous source outbreak, because of continuous 
exposure to contaminated drinking water. However, 
the outlet in the Fewage pipe may have contained 
canipylobacters for less time or there inay even 
theoretically have been a point source of contamina- 
tion. These canipylobacters persisted in the system 
because of the above mentioned conditions. This is 
supported by our typing results, which revealed only 
one serotype and DNA profile in all but one of the 
stored clinical isolates from the outbreak as well in the 
two water isolates. 
Before 1980, Denmark had no centralized report- 
ing of water-borne disease outbreaks, which makes it 
difficult to compare Denniark with other countries. 
More than 99% of the total Danish drinking-water 
supply conies from ground water sources 1241. This 
inay explain why water-borne outbreaks are rarely 
seen in Denmark. During the last two decades, only 
three large Danish water-borne outbreaks have been 
reported [25]. Though two of them were caused by 
several factors acting together, all of them shared the 
feature of distribution system deficiency. The outbreak 
we describe here is the first outbreak registered i n  
Denmark caused by the introduction of waste water 
directly into the ground water reservoir, even though 
it must be noted that the link with the sewage is 
indirect. To demonstrate a definitive cause-and-effect 
relationship, a case-control study would have been 
appropriate and could have provided valuable infor- 
mation about the risk factors (including water 
consumption) for individuals who did and did not 
develop illness. 
The data from the telephone interviews indicate a 
generally high burden of disease during the period of 
the outbreak. Approxiniately one-half of the popu- 
lation in the southern area and 88% of the individual5 
from the most affected, northern area experienced 
gastrointestinal disease during the 6-week period of the 
outbreak. A valve, separating the two water supplies of 
the town, had been opened on one occasion during the 
period, which may explain why there was a high 
burden of disease in the southern part of the town. In 
addition, individuals from the southern part may have 
been drinking water in households, institutions or 
workplaces located in the northern area. Extrapolation 
of the 88% and 52% illness rates for the 190 persons 
surveyed in town suggests that more than 2400 cases of 
illness occurred among residents. To this number must 
be added many known cases among visitors from 
adjacent areas and from outside the county. 
Patients with positive stool cultures had a higher 
frequency of all symptoms mentioned in Table 2 
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compared to patients without a laboratory diagnosis, 
from both the northern and southern parts of the town. 
In particular, differences in the frequency of bloody 
diarrhea were remarkable. Approximately one-third of 
confirmed cases had dysenteric diarrhea, compared 
with only 3% and 0% from the northern and southern 
areas, identified in the telephone interviews. An 
explanation for the high frequency in laboratory- 
confirmed cases could be that this symptom makes 
patients contact their general practitioners, who will 
subsequently search for a bacteriologic agent. This 
reflects the age and severity bias in surveillance activity 
based on passive case detection from samples received 
by the healthcare system. 
The amount of time elapsed between the exposure 
and the recall is an important indicator of the accuracy 
of recall [26]. Our epidemiologic investigation was 
started in mid-March 1996, i.e. approximately 6 weeks 
after exposure. The quality of our epidemiologic data 
may suffer from recall bias, since it is dependent on the 
memory of participants. However, in this report we 
have focused on the presence or absence of signs 
and symptoms which may be easily remembered, and 
left out uncertain information, such as number of 
evacuations, medication received during the outbreak, 
and the extent of loss of weight. 
Within the group ofpatients from the survey, there 
was a tendency for there to be less severe disease among 
persons from the southern area than among patients 
from the northern area. Although one may argue that 
the patients from the survey may have had diarrhea for 
other reasons than campylobacter infection, the most 
obvious explanation is one of dose-response. Persons 
residing in the northern area had been heavily exposed 
for several weeks, whereas those from the southern area 
had been exposed to Campylobacter at a lower level, 
leading to a lower attack rate and less severe disease. 
Viral studies were not carried out, but the 
symptoms described, particularly the presence of 
bloody diarrhea in many cases, as well as the relatively 
long duration of symptoms in many cases, are 
compatible with Carnpylobacter-induced gastroenteritis 
and not with that caused, for example, by Nonvalk- 
type viruses. 
Four patients had dual infection with Campylobacter 
and EAggEC, and another four patients had EAggEC 
as the only potential pathogenic agent. The etiologic 
significance of these findings is uncertain. The same 
EAggEC serotype was isolated in water and clinical 
samples, and EAggEC has been reported from out- 
breaks where no other enteric pathogens were identified 
[27]. O n  the other hand, co-infection with C. jejtrni 
was seen in half of the patients from whom EAggEC 
was isolated, which easily explains their symptoms. 
Additionally, the serotypes are not the EAggEC 
serotypes commonly associated with disease [28]. 
Clinical microbiology laboratories do not routinely 
process fecal samples for EAggEC; therefore, there are 
no data on the prevalence in healthy persons or in 
persons with clinical illness. Our infrequent recovery of 
EaggEC in this outbreak suggests that, although in- 
fection may appear similar to campylobacteriosis [29], 
it was of minor, if any, importance in this outbreak. 
The outbreak shares the features of a continuous 
source outbreak: an insidious course with scattered 
cases, but with a generally high disease burden and a 
high rate of individuals experiencing more than one 
episode. The insidious course, and the fact that the 
outbreak occurred close to Christmas and simul- 
taneously with an influenza epidemic, resulted in a 
relatively slow reaction from the authorities-an 
important lesson for public health. 
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